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[57] ABSTRACT 

An adaptive snoring signal suppression system globally 
cancels snoring signals by determining a canceling sig- 
nal based on a received snoring signal. The system cre- 
ates a doublet between a plane of a speaker and the 
source of the snoring signal such that at the plane of the 
speaker, the canceling signal is 180 degrees out of phase 
with the snoring signal as measured at the source. The 
system uses digital signal processing to adaptively esti- 
mate a snoring sound canceling signal based on past 
snoring signals. 

20 Gaims, 5 Drawing Sheets 
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Detailed Description Text - DETX (1 5): 

Also, the speaker controller 27 may prevent^^^nals from being output if the 
snore signal and the canceling signa i^faHcygonverge^ ifter a predetermined 
time. The speaker controller 27 may also prevent the output stage 16 from 
outputting a signal if a runaway signal is detected, such as if x{n) is an 
undesirable resonating signal. It will be recognized that any suitable signal 
analysis technique may be used such as logarithmic correlation techniques or 
average amplitude sampling techniques. Also, the speaker controller 27 may be 
connected to other control systems such as the detection mechanism described 
with reference to FIG. 4b or may be incorporated as part of the detection 
mechanism. 



Detailed Description Text - DETX (19): 

Each of the adaptive filters 25a-25c may include a prefilter portion which 
includes a constant delay filtering section to filter out the frequencies of 
non-interest from x(n). For example, adaptive filter 25a may have a low pass 
filter to allow the low frequency component of x(n) to be analyzed. A sampling 
rate divider portion in each of the adaptive filters 26a-26c allows each 
respective filter to sample the input signal to each of the filters at a 
selected rate. For example, since lower frequencies need not be sampled as 
often to obtain sufficient information for the signal, the adaptive filter 25a 
may sample one out of every eighth signal element. Similarly, adaptive filter 
25c may sample every signal element since more samples are generally required 
to analvz e-hjQhef^^reqttencv-sianals. 



Digital filters 26a-26c may include a plurality of identical sampling rate 
/divider sections to facilitate proper signal sampling of x(n). For example, 
' digital filter 26a may have eight identical digital filters in parallel wherein 
one digital filter samples a first signal element, a second digital filter 
samples a second signal element, a third digital filter samples a third signal 
element, etc. Each of the separate digital filters uses the same coefficient as 
\ received from the adaptive filter section 25a. 
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placed at the source and another sensor at the cancella- 

SNORING SUPPRiSSION SYSTEM tion point, the control system may readily calculate and 

output a canceling signal downstream from the source. 
BACKGROUND OF THE INVENTION One example is disclosed in European Patent Appli- 

The invention relates generally to apparatus and sys- ^ cation 465,174 entitled "Adaptive Active Noise Cancel- 
tems for suppressing sounds resultant from snoring and iation Apparatus". Such a system uses a control system 
more particularly to systems for suppressing sounds cancel noise at an opening of a duct. The control 
produced by snoring wherein the originating snoring system uses an adaptive filter for aiding in reducing 
sounds are substantially suppressed by generating sound unwanted noise in ducts. However, such known noise 
canceling signals. cancellation systems typically require the use of a plu- 

Many attempts have been made to overcome the rality of microphones for determining an error signal, 
problem of snoring for both the snoring person and and a duct for conducting sound (audible) signals so that 
other persons that may hear the snoring sounds. Many the sound source signal is directionally limited to better 
systems and methods for eliminating the problem of facilitate cancellation. 

snoring are designed to awaken or otherwise interrupt Such systems, typically determine the error signal by 
the person generating the snoring sounds. For example, placing a microphone at the opening of the duct to 
some systems activate an alarm based on a predeter- determine the level of noise emanating from the open- 
nuned loudness level of the snore sensed by a sound ing of the duct. Such an error signal may then be input 
sensor. Another system mcludes an eye cover which into an adaptive filter after being delayed by a predeter- 
has an actuating mechanism for activating a flashing 20 mined time. A second microphone or sensor is typically 
light so that the snorer is awakened upon sensing of placed at the source of the noise to determine the actual 
snormg somids. However, such systems unnecessarily source sound signal. The adaptive filter uses the error 
wake up a snonng person so that the snoring person is determine a cancehng signal, having the same 

depnved of a comfortable rest^ amplitude but a 180 degree pLf difference from the 

Other systems which have been developed m an at- 25 ^ ^ * ♦u r j . 'tZ 

tempt to overcome the problem of snoring include air "^nnt fll ^^^^^ the opening of the duct. The 
bags which may be mounted to the back of the snoring S^T.^ .^^^^.^ f ?!!, ^'"^u 
person to prevent the person from lying on their back ^^^^ ^ speak^^ directed at the duct openmg to sub- 
This may prevent snoring, but may do so at the expense '^^^^ ^,P«"°g- 
of comfort. Another system includes a shng which is 30 , However, such systems are typically hmited to re- 
worn over the mouth of a person to keep the mouth ^"^^^^ ^^^^^ ^ ^^^^ stationary point (duct 
closed so that the wearer is unable to generate a snoring openmg) away from the source. Canceling signals away 
sound. These systems unnecessarily restrict the physical ^^^^ source gives these types of systems ample time 
comfort of the snoring individual so that the snoring generate and evaluate error signals to better calculate 
individual is forced to sleep in an unnatural state. 35 canceling signals. In addition, such duct-type systems 

Other systems, such as ear plugs for the non-snoring typically not adapted to operate in an open area, 

person reduce the effects of snoring by attemptmg to ^"^^ ^ ^ ^^'^ °^ other room in a house. Such open 
completely block all sounds (particularly the snoring areas may allow the source signal to radiate and propa- 
sound signal) from reaching an ear drum of the non- S^te in many directions unlike the duct arrangement 
snoring person. This allows the snoring person to sleep 40 which guides the signals to an opening. Furthermore, 
comfortably and continue snoring. However, such sys- ^^^^ ^^ot systems require at least two sensors, one for 
tems are typically onerous and possibly life threatening sensing the source sound signal and one for sensing the 
to the non-snoring person since the non-snoring person signal at the duct opening to determine an error signal, 
might be unable to hear other audible signals, such as Also, since the duct opening is typically the only point 
audible smoke alarm or fire alarm warning signals. 45 ^t which noise may be radiated, the control system 

No snoring attenuation systems are known that sub- attempts to calculate and output a canceling signal so 
stantially cancel or otherwise attenuate snoring sound that the canceling signal plane of the duct opening is 180 
signals so that neither the snoring person nor another degrees out of phase with respect to the noise signal at 
non-snoring person needs to wear an overly restrictive plane of the duct opening. 

or unnecessarily uncomfortable snore prevention sys- 50 Another known noise attenuation system, such as that 
tern. Although the theory of sound cancellation disclosed in U.S. Pat. No. 4,677,676 entitled "Active 
through the use of canceling signals is generally known, Attenuation System With On-line Modeling of Speaker, 
no snoring sound signal attenuation systems are known Air Path and Feedback Path", also utilizes a duct ar- 
that use audible canceling signals to suppress snoring rangement. Again, such systems do not cancel at the 
sounds. In general, audible canceling signals typically 55 source of the sound signal and use an additional micro- 
have a same amplitude but a phase angle that is 180 phone located down stream from where the canceling 
degrees from that of a source sound signal. signal is output, to determine an error signal. 

Known adaptive sound cancellation systems, cancel Based on the foregoing, known noise canceling sys- 
sounds (noise) at a location other than the source of the tems typically cancel at a fixed, nonmoving point, such 
sound, such as at an opening in a duct. Typically, the 60 as an opening in a duct. Therefore, known noise cancel- 
point at which a cancellation signal is directed (cancel- ing systems are typically not suitable wherein the sound 
lation point) is fixed and down stream from the signal to be canceled is a moving sound source such as a snor- 
source. For example, many systems cancel sound at a ing sound source. 

point downstream from the source ofa sound such as an A problem also arises with such systems where a 
opening in a duct so that the control system has ade- 65 source may emanate in a substantially omnidirectional 
quate time to determine a proper cancel signal. There- pattern. Such is the case with a snoring individual since 
fore, where the noise cancellation point is sufficientiy snoring sounds are typically emanated in almost an 
distant from tiie source of the noise, and a sensor is omnidirectional pattern in an open room. Furthermore, 
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it would be desirable to substantially globally cancel the sound transducing device, has approximately an 180 

snoring sounds instead of attempting to locally cancel a degree phase difference from the snoring signal phase 

sound at a selected point away from the source since the angle and a substantially same amplitude as the snoring 

snoring sound may be heard at points other than one signal amplitude as measured at the snore source or the 
fixed point. Global reduction of the snoring sound 5 mouth of snoring person. The system may include a 

would also be advantageous since an individual (the sensing mechanism for determining a position of the 

ears of the individual), such as a non-snoring spouse. snore sound source during movement of the snore 

may move throughout the night sound source. 

SUMMARY OF THE nWENTION ^® system may also include a transducer control 

,. , . . ^. ^ , . mechanism for preventing the canceling signal from 

Accordmgly, it is an object of the invention to pro- being output by the transducing device when the snor- 

^^nwrTK^ """""^'^^^^ system that substantially i„g ^ ^ ^^^^^^ 

facilitates g obal suppression of snonng sound signals. conform to some type of predetermined signal criteria, 

It IS another object of the mvention to provide a ^ ^ 3^ signal correS 

snonng attenuation system that substantially facilitates 15 parameters b ^'5"*" wunciauun 

global suppression of snoring sound signals by creating xh*> c*«ci«,r 

r ^„.,ui^; u * T- J . ^ J • 1 ne sensing mechanism may mclude a position sens- 

a doublet between a cancehng sound output device, :„„ .,,^1, n • « fw^i^wji 

such as a speaker, and the snore signal source, such as a ^^T^TAn^^^^^^ ^T"^' f''"" 

mouth of a snoring person wherei^^he canceling somid 1?^^! ^^^^^^^ 

output device produces a snore cancel signal to cancel 20 ^f^" '^'"^^^^ .'^ 'f? ^"^^ 

at least some of the snore sound signal. ^ "^^^"^ "^^«t*^P^^^\^d other component 

It is also another object of the present invention to "^^^.^^ suitably affixed to the transducing device. The 

provide a snoring attenuation system that facilitates the If!^"^^ mechamsm may then determme the location of 

suppression of snoring sounds substantially at the source ^l^^^ Position sensing mecha- 

of the snoring sound signals wherein the source may 25 ^^.^ controller for activating or deactivating the 

move during output of the snore signal. transducmg device m response to an output signal from 

It is an object of the present mvention to provide a t^e position sensor, 

snoring attenuation system that allows the snoring per- example, the system may mclude a multi.speaker 

son to sleep in a comfortable position and without un- select mechanism to selectively activate at least one of a 
necessary interruption. 30 Pl"<'^>ty of speakers in response to the output signal 

It is yet a further object of the present invention to position sensing mechamsm so that an opti- 

provide a snoring attenuation system that facilitates mum speaker from the plurality of speakers may be 

suppression of snoring sounds substantially at the source selectively activated to effectuate suitable snore signal 

of the snoring sound signal wherein the system includes suppression. The system may also include a movable 
a tracking mechanism for determining the location of 35 transducing device. The sensing mechanism may be 

the snoring sound source signals to facilitate snore facilitate movement of a speaker coincident 

sound cancellation for a moving snore signal source. ^^h a moving sound source to maintain a relative posi- 

It is also an object of the present invention to provide ^ion between the sound transducing device and the 

a snoring attenuation system that may prevent the out- snore sound to effectuate suitable snore signal suppres- 
put of canceling signals in response to an evaluation of 40 sion. 

a snore source signal. The digital signal processing stage is adapted to re- 
It is another object of the present invention to pro- ceive a digital signal representation of the received 
vide a snoring attenuation system that facilitates the snore signal and determines a plurality of filter coeffici- 
suppression of snoring sounds by outputting a snore The signal processing stage modifies the digital 
cancellation signal from at least one of a plurality of 45 signal representation of the snore signal using the coeffi- 
speakers wherein the plurality of speakers are selec- cients to generate a pre-output canceling signal wherein 
tively activated in response to the sensed location of the the pre-output canceling signal becomes the cancehng 
snoring sound source. signal output by the transducing device. The digital 
It is a further object of the invention to provide a signal processing stage further includes a filter, such as 
snoring attenuation system that substantially facilitates 50 a fast Fourier transform (FFT) filter, for outputting the 
global suppression of snoring sound signals by creating digital signal representation in a plurality of frequency 
a doublet between a canceling sound output device, ranges. 

such as a speaker, and the snore signal source, such as a In another embodiment, a second microphone may be 

mouth of a snoring person, wherein the system includes positioned to evaluate and adjust the suppressing effect 

an adaptive filtering mechanism for determining and 55 of the system. For example, the microphone may be 

generating a snore canceling signal based on an analysis located in a headset worn by an adjacent person to 

of a current snore signal. determine the signal heard by the adjacent person. The 

A snoring suppression system is disclosed which m- system may then adjust the canceling signal to optimize 

eludes a sound receiving stage such as a cordless micro- suppression of the snore signal, 

phone coupled to an A/D circuit. The microphone may 60 A method is disclosed which includes receiving the 

be located in a mouth piece placed in the mouth of the snoring sound signal proximate the snore sound source; 

snoring person. A sound transducing device, such as outputting a snore canceling signal directionally toward 

speaker, outputs a snore canceling signal toward the the snoring sound source to form the doublet between 

snoring sound source to form a doublet between the the speaker and the snore sound source; generating the 

sound transducing device and the snore sound source. 65 snore canceling signal, such that the snore canceling 

A signal processor generates the snore cancehng signal signal, as measured at a plane of emission of the speaker, 

based on the received snore signal, such that the snore has approxunately an 180 degree phase difference from 

cancelmg signal, as measured at a plane of emission of the snoring signal phase angle and a substantially same 
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amplitude as the snoring signal amplitude as measured 
at the source of the snore signal. 

The method may further include the steps of deter- 
mining a position of the snore sound source during 
movement of the snore sound source; and preventing 
the canceling signal from being output by the speaker 
when the snoring signal is not within the predetermined 
signal criteria. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a pictorial representation generally illustrat- 
ing a doublet formation between a plane of a speaker 
and a snoring sound source to globally reducing snoring 
signals in accordance with the invention; 

FIG. 2 schematically depicts a snoring suppression 
system in accordance with the invention; 

FIG. 3fl is a block diagram generally depicting one 
embodiment of a snore cancel signal generating stage 
for use in the system shown in FIG. 2; 



the snore sound. As shown by the dashed lines 9, the 
snore source 4 may move as the snoring person 1 turns 
their head, thereby changing the location and orienta- 
tion of the Y-axis. Consequently it is desirable to move 
3 the speaker 6 to maintain a doublet that cancels signals 
in the plane(s) coincident with the other persons ear. It 
will be recognized that some form of signal attenuation 
occurs in planes on either side of the Y=0 plane. Con- 
sequently, the system provides suppression of snoring 
10 signals at more than one point, hence the term global 
suppression. 

FIG. 2 schematically depicts a snoring attenuation 
system 10 in accordance with the invention to carry out 
the doublet effect as generally described above. The 
15 system 10 includes a snore sound signal receiving stage 
12, a snore canceling signal generating stage 14, formed 
from a digital signal processor, which receives a current 
digital snore sound signal x(n) from the receiving stage 
12, and a sound transducing stage 16 for outputting a 
FIG. Zb is an alternative embodiment to the diagram 20 snore canceling signal as generated by the canceling 



shown in FIG. 3o, 

FIG. 4a isz perspective view of a multi-speaker snore 
reducmg system in accordance with another embodi- 
ment of the invention; 

FIG. 4b is a. block diagram generally depictmg a 25 
system for controlling the multi-speaker system shown 
in FIG. 4a; 

FIG. 5 depicts another embodiment of the invention 
for use by a non-snoring person, having a selection 
switch for selecting a plurality of input signals; 

FIG. 6 is a partial cross-sectional view generally 
depicting an ear cover and audio tube combination in 
accordance with the embodiment shown in FIG. 5; and 

FIG. 7 schematically depicts another embodiment of 
the invention wherein a second microphone is used to 35 
detect resultant signal suppression which may be used 
as feedback information for the snore suppression sys- 
tem. 



DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

FIG. 1 generally illustrates the creation of a doublet 
as created by the inventive snoring attenixation system 
for globally reducing snoring signals. As shown, a snor- 



signal generating stage 14. 

The snore signal receiving stage 12 may include a 
microphone 18 positioned adjacent to or in the mouth of 
a snoring person 1. An amplifier 20 receives the snore 
source signal 3 from the microphone 18 and amplifies it 
to a suitable level as known in the art An output from 
the amplifier 20 is converted from an analog signal to a 
digital signal x(n) through A/D converter 22. 
The snore canceling signal generating stage 14 in- 
30 eludes a fast Fourier transformation (FFT) filter stage 
24, an adaptive filter stage 25 and a digital filter stage 26. 
A plurality of delay stages 23a and 23b represent the 
delay incurred in accumulating signal samples for the 
FFT filter stage 24 and the adaptive filter stage 25; both 
of which do not process signals in real time. 

The digitized snore signal x(n) also serves as an input 
to the digital filter stage 26 and a speaker control stage 
27 as will be described later. The FFT filter stage 24 
receives the digitized snore signal x(n) and accumulates 
40 signal samples to carry out an inverse operation using 
the inverse transfer function of the system 10 (which 
take into account the distortion and delays from the 
various compone nts in system) as known m the art 
In general, the FFT filter stage 24 and the adaptive 



ing person 1 laying on a bed 2 emits a snore source 45 filter stage 25 facilitate the determination of fixed (al- 



signal 3 from a snore source 4, such as a snorer's mouth. 
The snore source signal 3 has an amplitude, frequency 
and phase angle associated with it. An adjacent person 
5 is assumed to be in hearing range of the snore source 
signal 3. 50 

A cancel signal output device 6, such as a speaker, has 
a plane 7 and emits a snore canceling signal 8 in an 
opposing direction, along the Y-plane, to that of the 
snore source signal 3. The snore canceling signal 8 as 
output at the plane 7 of the speaker, has a substantially 55 
same amplitude and frequency, but a phase difference of 
180 degrees compared to the snore source signal mea- 
sured at the mouth 4 of the snoring person 1. 

When the speaker 6 and the snore source 4 are close 
enough to each other, a sound source doublet is created 60 
between the speaker 6 and the snore sound source 4 
(mouth) so that the snore sound is substantially sup- 
pressed. The best snore suppression occurs along a 
Y=0 plane wherein O is a point located midway along 
a Y-axis between the snore source 4 and the plane 7 of 65 
the speaker and at 90 degrees with respect to the Y-axis. 
Therefore the other person 5, when positioned as indi- 
cated, hears less snoring noise due to the canceling of 



though periodically changed) filter coefficients 29 for 
the digital filter stage 26. In order to calculate the filter . 
coefficients 29, an assumption is made that the statistics 
of the snoring signal will be relatively constant over a 
predetermined period of time (e.g. 50 msec, 500 msec or 
1000 msec) so that the fixed coefficients 29 will remain 
"fixed" for some predetermined period of time but that 
the coefficients 29 may change from one time interval to 
another in response to the varying snore signal x(n). 

The FFT stage 24 includes an FFT processing stage, 
a multiplication mechanism, and an inverse FFT pro- 
cessing stage. The FFT processing stage converts tem- 
poral sig nal da ta to frequency domain data. The output 
from the FFT processing stage serves an input to the 
multiplication mechanism. The multiplication mecha- 
nism modifies the output frequency domain signal data 
by multiplying the frequency domain data by matrix 
elements that represent the inverse transfer function of 
the system 10. The output from the multiplication 
mechanism serves as the input to the inverse FFT pro- 
cessing stage. The inverse FFT processing stage gener- 
ates a desired output signal d(n-t). However, it will be 
recognized that any suitable signal processing technique 
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may also be used instead of the FFT stage 24, such as a speaker controller 27 may then determine that the can- 
series of digital filters. eel signal and the snoring signal do not converge and 
/ The desired output signal d{n-t) represents a cancel- subsequently prohibit the cancel signal from being out- 
/ ing signal that would have canceled a delayed snore put. Alternatively, the adaptive filter 25 may dkectly 
f signal x(n-t). The desired output signal d(n-t) serves as 5 prohibit signal output to the speaker, 
an input to the adaptive filter stage 25. The adaptive FIG. 3<2 depicts generally a preferred embodiment for 
fdter stage 25 determines the filter coefficients 29 neces- the canceling signal generating stage 14. It has been 
sary to generate the proper canceling signal y(n-t) for found that low frequency snoring signals typically have 
x(n-t). The digital filter applies the coefficients to the few harmonics. Consequently, lower frequency signals 
snore signal x(n). 10 such as those between the range of approximately 20 Hz 
The adaptive filter 25 utilizes the desired cancel sig- to 120 Hz, allow the digital signal processing to be 
nal d(n-t) and the delay signal x(n-t) to determine the simplified so that fewer samples may be taken and ana- 
coefficients required to generate d(n-t) from x(n-t). The lyzed to generate a proper fixed coefficient and suitable 
digital filter 26 receives the digitized snoring signal x(n) canceling signal. More particularly, the FFT may use a 
and modifies the snoring signal x(n) in real time by die 15 small portion of the transfer function matrix, as known 
fixed filter coefficients 29 to produce the corresponding in the art, which reduces the complexity of the signal 
pre-output canceling signal y(n). The pre-output cancel processing. 

signal y(n), derived from x(n), corresponds to the signal The FFT filter stage 24 divides the samples of the 
which, when passed through the stage 16, becomes the current digital signal x(n) into a plurality of sample sets 
canceling signal 8. Since the system 10 has internal 20 corresponding to different frequency ranges. For exam- 
delays T, the cancel signal generating stage 14 predicts pie, signal portion dl may mclude signals in the range of 
the snore signal at time r after a given sample is taken 20-250 Hz, signal portion d2 may include signals in the 
and generates a corresponding snore cancel signal 8. range of 250-450 Hz and signal portion d3 may include 
The cancel signal generating stage 14 uses current and - signals in the range of 450-1000 Hz. 
previous snore signal samples to generate the cancel 25 Each of the adaptive filters 2Sa-25c may include a 
signal 8. It is assumed that the snore signals are predict- prefilter portion which includes a constant delay filter- 
able for a period of time equal to the delay t in the ing section to filter out the frequencies of non-interest 

{system 10. from x(n). For example, adaptive fdter 25a may have a 
The sound transducing stage 16 converts the gener- low pass filter to allow the low frequency component of 
ated pre-output canceling signal y(n) to an analog signal 30 x(n) to be analyzed. A sampling rate divider portion in 
through the digital to analog converter 28. The output each of the adaptive filters 26a-26c allows each respec- 
from the D/A converter 28, is amplified through amph- tive filter to sample the input signal to each of the filters 
fier 30. The output from amplifier 30 serves as the input at a selected rate. For example, since lower frequencies 
to the sound transducer 32, such as a speaker 8 (shown need not ^be sampled as often to obtain sufficient infor- 
in FIG. 1). 35 mation for the signal, the adaptive filter 25a may sample 
The S Ee^s£r...songgller stage 27 may be_ £3icro-^ one out of every eighth signal element..§imilarly, adapt- 
processor or a portion^ihe digital signaTprbcessor ive filter 25c may sample every signal element since 
that forms the canceling signal generating stage 14 and more samples are generally required to analyze higher 
serves to detect an uncorrelated signal or otherwise frgauency-ttgnelsr .ZJ^ 
anomalous signal. The speaker controller stage 27 pre- 40 Each of a plurality of adaptive filters 25a-25c are 
vents the sound transducer 32 from outputting audible configured to calculate fdter coefficients 29a, 29A and 
sounds in response t04gedetfinninfi(L §ignal criteria such 29c for one of the frequency ranges. For example adapt- 
as the detection of an undesirable condition, hor exam- ive filter 25a may be configured to calculate coefficients 
pie, whege.the,avera ge amplitude of a snore signal rises for low frequency ranges (20 Hz-250 Hz) whereas 
or falls below a predeternmiPfrthrf^hnM. audible out- 45 adaptive filter 25c may be configured to calculate coef- 
put to the sound transducer 32 may be prevented. Such ficients for the high frequency ranges (450-1000 Hz), 
a condition may arise when unexpected noises are de- Each adaptive filter 25a-25c provides the coefficients 
tected and can not be canceled until enoughsaraples^^ 29a-29c for a corresponding digital filter 26a-26c. The 
igbtamed by_the FFT and adaptive ^filters. adaptive filters 25a-25c may employ a least means 
Also, the speaker controller 27 may prevent signals. 50 squares technique, or a recursive least squares RLS 
from being output if the snore signal and the canceling technique, however, any other suitable filtering tech- 
signal fail to converge after a predetermined time. The nique may also be used. 

speaker controller 27 may also prevent the output stage Digital filters 26a-26c may include a plurality of iden- 

16 from outputting a signal if a runaway signal is de- deal sampling rate divider sections to facilitate proper 

tected, such as if x(n) is an undesirable resonating signal. 55 signal sampling of x(n). For example, digital filter 26a 

It will be recognized that any suitable signal analysis may have eight identical digital filters in parallel 

technique may be used such as logarithmic correlation wherein one digital filter samples a first signal element, 

techniques or average amplitude sampling techniques. a second digital filter samples a second signal element, a 

Also, the speaker controller 27 may be connected to third digital filter samples a third signal element, etc. 

other control systems such as the detection mechanism 60 Each of the separate digital filters uses the same coeffi- 

described with reference to FIG. or may be incorpo- cient as received from the adaptive fdter section 25a. 
rated as part of the detection mechanism. The output signal from each of the digital filters 

Other cntena may also serve as the basis for prohibit- 26a-26c is combined through a summing circuit 31. The 

ing a cancel signal from being output. For example, the output from the summing circuit 31 serves as the gener- 

adaptive filter 25 may determine that it is unstable and 65 ated canceling signal y(n) to the sound transducing 

cease to output coefficients 29. In this case, the digital stage 16 (see FIG. 2). 

filter 26 may continue to use prior coefficients which in The system 10 may also include temporarily stored 

turn would affect the pre-output cancel signal. The filter coefficients for use with different sections of the 
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snoring signal to speed up the processing time for gener- mouth of a snoring person 20. Since the speaker should 

ating a pre-output cancel signal. For example, the fre- be further from the mouth than the microphone, the 

quencies during inhaling may have corresponding filter effect of the output from the speaker will be minimized, 

coefficients stored for initial use by the digital filters This helps reduce the probability of feedback from the 

2da-26c, whereafter the coefficients may be updated. 5 speaker. 

Similarly, frequencies corresponding to exhaling may A shield may also be secured about the microphone 

also have corresponding coefficients stored for initial 18 to reduce the probability of feedback. In addition, 

use by the digital filters 26a-26c so that when the system the digital signal processing stage 14 may reduce unde- 

detects exhaling signals, the system may initially use the sirable resonance effects by detecting zero crossings of 
stored coefficients for the signal processing steps to 10 high amplitude components to initially detect a reso- 

generate a suitable canceUation signal. nance problem and then suppress those resonant fre- 

FIG. is another embodiment of a canceled signal quencies. For example, the FFT stage 24 may selec- 

generating stage that may be applicable where the tively use the inverse transfer function matrix to sup- 

s peaker has a hi>h amnimt nf distortion at low freq uen- press the resonant components of the signal that repre- 

cies. FIG. 3b differs from FIG. 3a in that a sine/cosine 15 sents the undesirable resonance, 

generator 41 is used to represent low frequency compo-. Although not specifically shown in FIG. 2, the mi- 

nents of the signal x(n) for adaptive filter 43 and a digital crophone 18 may be placed in a mouth guard, such as a 

filter 45. The sine/cosi ne generator 41 modifies the plastic mouthpiece (also not shown), which may be 

signal x(n) for low frequencies as determined by an worn by the snoring person 1. The microphone 18 may 

input signal portion fl. The input signal portion fl is a 20 be a cordless microphone as known in the art so that the 

series of frequencies from the FFT stage 24 which form mouth piece and microphone combination is not un- 

the low frequency components of x(n) and is therefore comfortable or unnecessarily restrictive for the snoring 

indicated as being in the frequency domain. person 1. 

The sine/cosme generator 41 produces sine and co- The snoring attenuation system 10 produces a doublet 

sme waveforms that when combined form low fre- 25 between the signal emission plane of the speaker 32 and 

quency components of x(n). The sine/cosine generator the mouth 34 of the snoring person. Hence, a non-snor- 

41 genera.tes sine and cosine wayefoxms which are Ei- ing person, such as a spouse lying next to the snoring 

gen-functions of the system and may provide phase person 1, will hear a suppressed snoring sound since the 

compensation and amplitude compensation for each snoring sound is canceled at an angle of approximately 

sine and cosine representation as known in the art The 30 90 degrees with respect to the direction or angle be- 

approach uses the fact that there are dominant frequen- tween the speaker 32 and the mouth of the snoring 

cies and can extrapolate future signals using the sine and person. It is preferred that the speaker 32 is positioned 

cosine signals. in an opposing direction to that of the snore source 

The adaptive filter 43 generates new coefficients 47 signal generator. Typically, the microphone 18 should 

which represent the contribution of each of the given 35 be no morelhan approximately 2 centimeters away 

frequencies that form the low frequency component of from the mouth of the snoring person 20 and the 

x(n). The digital filter 45 applies the coefficients 47 to speaker 32 should be no more than approximately 40 

the sme/cosme signals output by the sine/cosine gener- centimeters from the mouth of the snoring individual 1. 

ator 41 thereby recreating low frequency components A preferred speaker distance is approximately 5-10 cm. 

of x(n). The digital filter 45 output is mput to the sum- 40 FIG. 4a pictorially represents another embodiment of 

mmg circuit 31, as previously described. The system as the invention that includes a plurality of speakers 32, 40, 

shown in FIG. 3b allows the system t ojovercome and and 42 which may be selectively activated to output a 

compensate for the high distortions at low frequencies. snore canceling signal depending upon the head orienta- 

It will be recognized that although the above embodi- tion or mouth location of the snoring person 1. As 

ment uses a single sine/cosine generator 41 for the low 45 shown, the speaker 32 may be mounted to a headboard 

frequency portion of x(n), it may be advantageous to 44 or otiier suitable mount, so that one speaker may be 

represent x(n) entirely in the form of sine and cosine positioned above the head to effectively minimize the 

componaits for all frequencies of x(n). distance between the cancel speaker and the snore sig- 

Referrmg to FIGS. 2-3^, the system 10 generates a nal source and to provide a W cancellation plane angle 

cancelmg signal such that the cancelmg signal as mea- 50 with the ears of the adjacent non-snoring person. Speak- 

sured at the plane of emission of the cancel signal 8 as ers 40 and 42 may be located on either side of the snor- 

output by the sound transducer 32 has a substantially er's head in a pillow. However, the speaker 40 and 42 

same amplitude and frequency, but a phase difference of may also be suitably mounted to the headboard or oth- 

1 80 degrees xomparftd-lo-the-snore-source-signaLmea- erwise resting on the bed at a distance which allows the 

sured at the mouth 4 of the snoring person 1 (see FIG. 55 snoring individual to uninhibitedly rotate the head. 

1). It is preferred that the speaker 32 has a limited fre- FIG. 46 is a schematic representation of a snoring 

quency response such as from 20 Hz to 1000 Hz which attenuation system 46 as shown in HG. 4a, The system 

IS tiie typical range of snoring sound frequencies. The 46 determines a location of the snoring source. The 

speaker 32 may also be designed so that its response system 46 tracks the location or position of the snoring 

function approximates a minimum delay that is as con- 60 source signal using sensors. The system actuates one of 

stant as possible over a frequency range of the snoring the speakers to optimize cancellation of the snoring 

signals (20 Hz-1000 Hz). However, any suitable speaker sound signal through ultrasonic sensors or other inaudi- 

may be used. ble sensing mechanism. An ultrasonic transmitter 48 

The microphone 18 may be of the type which has may be placed in the mouth piece worn by the person 20 

rapidly decreasmg sensitivity m proportion to its dis- 65 or on the microphone 18 and transmits a pulsating or 

tance from the snore source signal. For example, the continuous ultrasonic signal. An ultrasonic sensor will 

microphone 18 should not pick up the source sound not be heard by the snoring person nor the non-snoring 

signal if the nucrophone is moved too far away from a persons. Ultrasonic receivers 50a, 506 and 50c, are lo- 
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cated in a corresponding speaker 42, 32 and 40, respec- 
tively. The ultrasonic receivers S0a-50c are connected 
to an A/D converter 54 through amplifiers 56a, S6b and 
56c. The ultrasonic receivers 50a-50c are suitably lo- 
cated in the speakers to detect the ultrasonic signal from 5 
the ultrasonic source 48. 

A speaker selector 58 receives the detected ultrasonic 
signal and determines which ultrasonic receiver 
SOa-SOc is receiving the strongest signal and may also 
determine the elapsed time for an emitted signal to be 10 
received by a detector to determine the distance be- 
tween a selected speaker and the snore source. The 
speaker selector 58 is connected to a multiplexer 60 
which activates the proper speaker 42, 32 or 40, via 
control from the speaker selector 58. The speaker selec- 15 
tor 58 may also include the D/A function and amplifica- 
tion function of D/A 28 and amplifier 30 shown in FIG. 
2. Furthermore, the speaker selector 58 may include the 
control functions of speaker controller 27, also as de- 
scribed with reference to FIG. 2. 20 

For example, if ultrasonic receiver 50a which is lo- 
cated in speaker 42 receives the strongest ultrasonic 
signal from ultrasonic generator 48, the speaker control- 
ler 58, may then turn off speakers 32 and 40 so that the 
canceling signal is output by speaker 42. The speaker 25 
controller may also evduate the elapsed time between a 
signal transmission from a transmitter and the detection 
by a corresponding receiver to evaluate the distance 
between the snore source and the speaker and turn on a 
speaker that is closer to the snore source although that 30 
speaker may not be receiving the strongest ultrasonic 
signal. 

The ultrasonic sensors SOa-SOc in effect determine 
which speaker is closest and/or has the best directional 
position to the source snore sound signal. As shown, the 35 
canceling signal generating stage 14 is coupled to the 
speaker controller 58 so that a suitable canceling signal 
may be multiplexed to the proper speaker. 

Selective control of multiple canceling signal output 
devices as shown in FIGS. 4<z and 46, allow a snoring 40 
individual to continue snoring while the system deter- 
mines the direction from which the strongest snoring 
signal is generated and/or the closest speaker to the 
snore source and selects the appropriate speaker from 
which the canceling signal is output. This offers sub- 45 
stantially unrestrictive movement for the snoring indi- 
vidual and does not require an adjacent non-snoring 
individual to wear a restrictive snoring suppression 
system. It will be recognized that other suitable inaudi- 
ble sensing systems may be used such as infrared sensors 50 
or the like which will not disturb either the snoring 
individual or non-snoririg person. 

The speaker controller 58 may be a suitable mi- 
crocomputer containing software to determine which 
speaker is receiving the-stg ^gest signal . The speaker 55 
controller 58 may also be ad^ed to turn the speakers 
42, 32 and 40 off or otherwise prevent a canceling out- 
put signal from being communicated to the speakers 42, 
32 and 40, For example, a canceling signal may not be 
output when the sensors 50fl-50c receive a signaJ having 60 
a level below a predetermined threshold or the elapsed 
detection time by an ultrasonic pair is too long (as de- 
scribed with reference to the controller 27 in FIG. 2). 
This may indicate that the snoring individual is too far 
from the speakers 50a-50c so that the canceling signal 65 
should not be output Such a shut down mode avoids 
the cumulative affect of reducing snoring sounds being 
output from the speakers when such signals would not 
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efficiently cancel a snoring signal. For example, if the 
speaker is too far away from the snoring signal source, 
and not in a substantially ISO degree phase difference 
and same amplitude at a point close enough to the 
source, canceling will not occur and the canceling sig- 
nal will effectively add to the snoring signal and com- 
pound the snoring problem. 

The speakers 32, 42 and 40 may each have a different 
frequency response range to facilitate varying canceling 
snoring signal outputs. For example, one speaker may 
have a frequency range of .20_ Hz to 300 H z. another 
speaker may have a frequency range of between 3 00 Hz . 
and 500 Hz and a third speaker may have a frequency 
range of between 500 Hz and 1000 Hz. Such a system 
may be advantageous where the frequency response 
delay for one speaker over a certain range of frequen- 
cies is dlHerent from that of another one of the speakers. 
For example, where a speaker has a substantially con- 
stant delay over a frequency range of 20Jiz.tQ _300 H z. 
it may be advantageous to utilize that speaker for simi- 
larly ranged snore signal canceUadon. Whereas it may 
be advantageous to use another speaker having a same 
delay over a different frequency response thereby re- 
ducing the processing time required by the digital filter 
24. 

Since low frequency speakers tend to be larger in size 
and given the nature of the omnidirectional sound at the 
low frequencies, the large speakers may be placed fur- 
ther away from the source. In contrast, it may be prefer- 
able to position high frequency speakers (smaller speak- 
ers) closer to the snore signal source. 

In another embodiment, a single movable speaker 
may be employed with a sensing mechanism as previ- 
ously described so that a speaker such as 32 may move 
in corresponding position with the mouth of a snoring 
individual. A drive motor 59 may receive a drive signal 
from the position sensing mechanism such as the 
speaker selector 58 to move the speaker to a suitable 
location. It will be recognized that the movable speaker 
32 may be mounted on a slide rail 61 or other suitable 
mount and may be secured to a bed frame or other 
housing which facilitates movement of the speaker far 
enough above the individuals head so that the snoring 
individual is not unduly restricted. 

It has been found that a difficult part in global cancel- 
lation of a point source in an open area is that physical 
systems have built-in delays throughout. For example, 
the speaker may have a delay associated with it which 
may vary over the frequency range of the speaker. Such 
a delay may result in a 0.2 to a 1 millisecond delay. Also, 
at low frequencies, the speaker may output a canceling 
signal that may be ahead in phase which must be taken 
into accoimt by the output signal generating stage 14. 
Another example may be the microphone-18 and ampli- 
fier 20, each of which also have a^el^^sociated with 
them. The doublet mechanism requires that a canceling 
signal (the output from the speaker) will be close to the 
snoring source (5 to 40 cm). In addition, any delay will 
cause the canceling signals not to cancel and in some 
cases may even strengthen the snoring signal by adding 
with the snoring signal if sufficient signal phase discrep- 
ancies are encountered (such as may occur at high fre-l 
quencies). ' 

Consequently, to avoid such drawbacks, the afore- 
described system "predicts" the cancellation signal so 
that the cancellation signal is output (as measured at the 
plane of the speaker) at a moment in time which is syn- 
chronized and without delay with respect to the snore 
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source signal emitted from the snore som-ce. Therefore 
the system as described above finds particular applica- 
tion where the snore signal is a stochastic signal. Based 
on the foregoing description, it will be evident that the 
system 10 globally suppresses the snore source signal 5 
proximate the source by creating a doublet between the 
cancel signal as measured at the plane of the speaker and 
snore signal source (at the mouth or received by the 
microphone in the mouth). 

FIG. 5 discloses another embodiment of the inven- 10 
tion wherein filter 90 is used to filter out the snore signal 
to the ear of an adjacent non-snoring individual 82. The 
system 80 allows a non-snoring person 82 or other indi- 
vidual other than the snoring person to select between 
various sound inputs such as ambient noise or input 15 
from another sound source. 

Input from another sound source may be received 
from a microphone 87 which may be in another room of 
the house so that an alarm or other warning system may 
be heard. Another input may be a stereo input or other 20 
type of audio input. A switch 88 couples with the mi- 
crophone 87 and the filter 90 which may be an adaptive 
filter, a fixed filter or any other suitable filter and is 
connected so that the microphone 87 may be switched 
directly to the earphone 86 so that the adjacent Individ- 25 
ual 82 may listen to some other audio input. When the 
switch 88 is switched to the snore filtering mode, the 
filter 90 serves to filter out the snoring noise. 

Referring to FIGS. 5 and 6, the earphones 86 also 
include a cover 101 for encapsulating an ear 112 and 30 
provides an acoustical seal about the ear. The cover 101 
includes a channel 102 through which a sound tube 104 
may be inserted. The sound tube 104 may have a plug 
106 positioned on a distal end thereof. The plug 106 
includes a channel 108 for receiving the sound tube 104. 35 
The switch 88 may be used to switch in outside audible 
sounds from other rooms or may be used to switch in 
sounds from the room which may include snoring 
sounds. The filter 90 may filter out the snoring and pass 
all other sound so that the wearer of the cover 101 will 40 
only hear non-snore sounds. 

FIG. 7 depicts the system of FIG. 2 with the addition 
of a microphone 110 located in a headset 112 on an 
adjacent person 5 and positioned to receive a sup- 
pressed snore signal. The microphone 110 receives the 45 
suppressed snore signal as it is heard by the person 5. 
The received suppressed signal serves as feedback or an 
error signal to the system 10 so that the system may 
evaluate the effectiveness of the suppression and also 
adjust the snore canceling signal 8 to optimize effective- 50 
ness. 

The microphone may be connected to an amplifier 
114 similar to amplifiers 20 and 30. An A/D converting 
circuit 116 converts the analog received suppression 
signal to a digital signal. The digital suppressed signal 55 
serves as input to the adaptive filter 25. The adaptive 
filter 25 may use the suppressed signal to correct the 
coefficients 29 to better suppress the snore signal 3. The 
microphone may also be positioned anywhere in the 
room or at the plane of emission of the speaker. 60 

In yet another embodiment, the distance between the 
transducing device and the snore source may be mini- 
mized by the use of a sound waveguide. For example, a 
sound waveguide may be attached to the speaker so that 
the plane of emission of the speaker is closer to the 65 
mouth of the snoring person. 

Specific embodiments of a novel system for snoring 
suppression has been described for the purposes of illus- 



14 



trating the manner in which the invention may be used 
and made. It should be understood that the implementa- 
tion of other variations and modifications of the inven- 
tion in its various aspects will be apparent to those 
skilled in the art, and that the invention is not limited by 
the specific embodiments described. It is therefore con- 
templated to cover by the present invention any and all 
modifications, variations, or equivalents that fall within 
the true spirit and scope of the basic underlying princi- 
ples disclosed and claimed herein. 
What is claimed is: 

1. A system for globally suppressing snoring signals 
generated from a snore sound source wherein a snoring 
soimd signal has a phase angle and amplitude associated 
therewith, the system comprising: 

means, proximate the snore sound source, for receiv- 
ing the snoring sound signal; 

sound transducing means proximate the snore sound 
source for directing a snore cancelling signal 
toward the snoring sound source to form a doublet 
between said sound transducing means and the 
snore sound source; and 

means, operatively coupled to said receiving means 
and to said sound transducing means, for generat- 
ing said snore cancelling signal based on said re- 
ceived snore signal, such that said snore cancelling 
signal, as measured at a plane of emission of said 
sound transducing means, has approximately an 
1 80 degree phase difference from the snoring signal 
phase angle and a substantially same amplitude as 
the snoring signal amplitude as measured at the 
soimd source. 

2. The system of claim 1 further comprising means, 
operatively coupled to said sound transducing means, 
for_ determinin g_a^position of said snore so und sourc e^ 
when said snore sound sourcB'movesr ' 

3. The system of claim 2 wherein said determining 
means includes means for preventing said canceling 
signal from being output by said transducing means in 
response to a determined position of said sound source. 

4. The system of claim 2 wherein said determining 
means includes: 

a position sensor operatively coupled to detect a 
position of said sound source; and 

control means, operatively coupled to said position 
sensor, for activating or deactivating said transduc- 
ing means in response to a signal output from said 
position sensor. 

5. The system of claim 1 further including transducer 
control means, operatively coupled to said sound trans- 
ducing means and to said receiving means, for prevent- 
ing said canceling signal from being output by said 
transducing means when the snoring signal, as received 
by said receiving means, is not within predetermined 
signal criteria. 

6. The system of claim 1 further including transducer 
control means, operatively coupled to said transducer 
means and said generating means, and wherein said 
generating means includes an adaptive filtering stage 
that determines whether the adaptive filtering stage is 
unstable, such that said transducer control means pre- 
vents said canceling signal from being output by said 
transducing means when the adaptive filter is unstable. 

7. The system of claim 1 wherein said receiving 
means includes analog to digital conversion means for 
converting at least a portion of the received snore signal 
to a digital signal representation; and 
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said generating means is comprised of digital signal 
processing means, adapted to receive said digital 
signal representation, for determining a plurality of 
filter coefficients and for modifying said digital 
signal representation using said coefficients to gen- 
erate a pre-output canceling signal such that said 
pre-output canceling signal becomes said canceling 
signal when output by said transducing means. 

8. The system of claim 7 wherein said digital signal 
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processing means further includes filter means for split- lo frequency ranges. 



representation, for determining a plurality of filter 
coefficients and for modifying said digital signal 
representation using said coefficients to generate a 
pre-output canceling signal such that said pre-out- 
put cancelling signal becomes said canceling signal 
when output by said transducing means. 
15. The system of claim 14 wherein said digital signal 
processing means further includes filter means for split- 
ting said digital signal representation into a plurality of 



ting said digital signal representation into a plurality of 
frequency ranges. 

9. The system of claim 1 wherein said means for re- 
ceivmg comprises a cordless microphone coupled to a 
mouthpiece worn by a snoring person. 

10. The system of claim 1 further comprising another 
receiving means for receiving a suppressed snore signal 
where said received suppressed snore signal is input to 
said cancel signal generating means to effectuate evalu- 
ation of the effectiveness of snore signal suppression. 

11. The system of claim 2 further comprising means 
for receiving an output signal from said position deter- 
mining means and for maintaining a relative position 
between said transducing means and said snore sound 
source. 

12. A system for globally suppressing snoring signals 
generated from a snore sound source wherein a snoring 
sound signal has a phase angle and amplitude associated 
therewith, the system comprising: 

means, proximate the snore sound source, for receiv- 
ing the snoring sound signal; 

sound transducing means proximate the snore sound 
source for directing a snore cancelling signal 
toward the snoring sound source to form a doublet 
between said sound transducing means and the 
snore sound source; 

means, operatively coupled to said receiving means 
and to said sound transducing means, for generat- 
ing said snore cancelling signal based on said re- 
ceived snore signal, such that said snore cancelling 



16. The system of claim 12 wherein said sound trans- 
ducing means is comprised of a plurality of speakers and 
said system further comprises means for selectively 
allowing at least one of the plurality of speakers to 

15 output said cancel signal in response to an output signal 
from said position determining means. 

17. The system of claim 13 wherein said means for 
receiving comprises a cordless microphone coupled to a 
mouthpiece worn by a snoring person. 

18. A method for globally suppressing snoring signals 
generated from a snore sound source wherein a snoring 
sound signal has a phase angle and amplitude associated 
therewith, the method comprising: 

receiving the snoring sound signal proximate the 

snore sound source; 
directing a snore canceling signal from a sound trans- 
ducer proximate the snore sound source toward the 
snoring sound source to form a doublet between 
said sound transducing means and the snore sound 
source; and 

generating said snore canceling signal based on said 
received snore signal, such that said snore cancel- 
ing signal, as measured at a plane of emission of said 
soimd transducing means, has approximately an 
180 degree phase difference from the snoring signal 
phase angle and a substantially same amplitude as 
the snoring signal amplitude as measured at the 
snore source. 

19. The method of claim 18 further comprising the 
step of: preventing said canceling signal from being 
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signal, as measured at a plane of emission of said 40 output by said transducing means when the snorine 



sound transducing means, has approximately an 
180 degree phase difference from the snoring signal 
phase angle and a substantially same amplitude as 
the snoring signal amplitude as measured at the 
snore source; 

means, operatively coupled to said sound transducing 
means, for determining a position of said snore 
sound source; and 

transducer control means, operatively coupled to said 
sound transducing means and to said receiving 50 
means for preventing said cancelling signal from 
being output by said transducing means when the 
snoring signal, as received by said receiving means, 
is not within predetermined signal criteria. 

13. The system of claim 12 wherein said position 
determining means includes: 

a position sensor operatively coupled to detect a 
position of said sound source; and 

control means, operatively coupled, to said position 
sensor, for activating or deactivatmg said transduc- 
ing means in response to a signal output from said 
position sensor. 

14. The system of claim 13 wherein said receiving 
means includes analog to digital conversion means for 
converting at least a portion of the received snore signal 65 
to a digital signal representation; and 

said generating means further comprises digital signal 
processing means, adapted to receive said digital 



signal, as received by said receiving means, is not within 
predetermined signal criteria. 

20, A method for globally suppressing snoring signals 
generated from a snore sound source wherein a snoring 
45 sound signal has a phase angle and amplitude associated 
therewith, the method comprising the steps of: 
receiving the snoring sound signal proximate the 

snore sound source; 
directing a snore canceling signal from a sound trans- 
ducer proximate the snore sound source toward the 
snoring sound source to form a doublet between 
said sound transducing means and the snore sound 
source; 

generating said snore canceling signal based on said 
received snore signal, such that said snore cancel- 
ing signal, as measured at a plane of emission of said 
sound transducing means, has approximately an 
180 degree phase difference from the snoring signal 
phase angle and a substantially same amplitude as 
the snoring signal amplitude as measured at the 
snore source; 

determining a position of said snore sound source 
during movement of said snore sound source; and 
preventing said canceling signal from being output by 
said transducing means when the snoring signal, as 
received by said receiving means, is not within 
predetermined signal criteria. 

***** 
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